Neonatally thymectomized C3H MTV@ (mammary tumor vi rus) female mice which were grafted with syngeneic thymus from either MTV@ or MTV animals developed spontaneous
mammary tumors as frequently as did sham-operated controls.
Neonatally thymectomized C3H MTV@ females which were injected with spleen cells obtained from syngeneic MTV@ mice had a signfficant reduction in mammary tumor incidence and a prolonged latent period of tumor development.
Neonatally thymectomized C3H MTV@ females which were injected with spleen cells obtained from syngeneic MTV mice had a higher mammary tumor incidence and shorter latent period of tumor development than the neonatally thymecto mized group treated with spleen cells obtained from syngeneic MTV@ mice.
These results suggest that, during early life, the thymus is critical for the normal development of spontaneous mammary carcinoma. We propose three possible mechanisms to explain the role of the thymus in spontaneous mammary carcinoma in mice : (a) The thymus may provide a necessary site for MTV latency and/or replication. 
INTRODUCTION
In a previous paper (17) , it was reported that thymectomy at
days of age in mammary tumor virus (MTV)-infected female
C3H mice reduced the incidence and increased the latent peri od required for development of spontaneous mammary adeno carcinomas. These results have recently been confirmed (14) .
Removal of the thymus produces similar effects in mice in fected with the Gross leukemia virus, in that there is a de creased incidence of leukemia and a prolongation of the latent period necessary for development of detectable leukemia. Both of the agents (MTV and the Gross leukemia virus) are transmitted vertically after birth, and tolerance to each virus )r viral-induced antigen may occur (18, 21, 22) . Removal of :he thymus in the neonatal period might prolong the latent period and reduce the incidence of malignancy. By contrast, it is known that neonatal thymectomy in mice decreases the latent period and increases tumor incidence in malignancies induced by the polyoma virus (10, 15, 16, 20) , SV4O virus (1), adenovirus 12 (13) , and some chemical carcinogens (3, 10, 19, 24 Neonatally thymectomized mice were each given a subcutane ous transplant of one thymus from 2-week-old C3H MTV@ donors. Group IV. Animals in this group received a subcutane ous thymus transplant obtained from 2-week-old C3H MTV donors. Another group (Group V) was composed of sham operated mice given 5 X i0@ C3H MTV spleen cells intraperi toneally.
All mice were returned to their own cages and raised by their own MTV@ mothers.
Following weaning at 30 days of age, they were housed in plastic cages in groups of 4 â€"5females per cage. One normal adult male of the C3H MTV strain was introduced into each cage for breeding. The females were sepa rated when pregnant and their litters were weaned when they were 30 days of age. Breeding behavior was measured by the number of litters produced from each mother. The mice were provided Purina Laboratory
Chow and tap water ad libitum. The incidence of spontaneous mammary adenocarcinomata in all groups was determined by weekly inspection of each indi vidual mouse. At the time a tumor appeared, the age of the mouse was recorded. When tumors showed progressive growth and attained a size greater than 2 cm in the longer diameter, mice were sacrificed and the tumor prepared for histologic study. In all thymectomized mice, careful postmortem exami nation of the mediastinal region was carried out under a dis secting microscope, and any suspicious tissue of the area was studied microscopically in paraffin sections stained with hema toxylin and eosin. Those animals with thymus remnants, as well as mice dying within one month after the operation, were discarded and not included in the final analysis of the data.
RESULTS
Crude Tumor Incidence and Tumor Age in C3H MTV' Fe Chart 2 shows the normal death risks, with tumor risk re moved. The five groups are clearly comparable in normal death experience, an important further assurance that the various operations themselves are not affecting natural mortality and thus indirectly and artificially affecting crude tumor incidence rates.
DISCUSSION
It is clear from these experiments that neonatally thymecto mized C3H mice, grafted with syngeneic thymus obtained from donors which either possessed or lacked the MTV, devel oped spontaneous mammary carcinomas at a rate and age simi las to that at which malignancy appeared in controls. These results demonstrate that early thymectomy in susceptible mice reduces the incidence of spontaneous mammary carcinoma and causes a prolongation of the latent period required for cancer development.
In the intact mouse, the most important factors influencing the development of spontaneous mammary carcinoma are in herited susceptibility, proper hormonal stimulation, and the presence of the mammary tumor virus (5). The results of the present experiments suggest that the presence of the thymus during the early life of the animal is also a contributing factor.
The inherited susceptibility for tumor development is geneti cally controlled and presumably does not change after thymec tomy. It could be that the mechanism of prevention of mam mary adenocarcinoma by thymectomy is related to alteration of hormonal functions yet unknown.
In the experiments re ported herein, the breeding behavior taken as an expression of gonadal function was not different in thymectomized and non thymectomized groups. Other reflections of hormonal differ ences were not investigated.
The removal of the thymus in the neonatal period decreases the incidence and increases the latent period of mammary can cer development as is the case with mouse leukemia (18) . It is possible that the thymus is essential during early life for la tency and/or replication of the mammary tumor virus, either during the passage from the gastrointestinal tract to the hemo poietic cells or in the passage from those cells to the mammary tissue (23) . A somewhat similar interpretation has been made 3The actuarial analysis was carried out by dividing the total age axis into small (20-day) intervals and estimating probabilities ofsurvival for the small intervals. The model used in each interval was exponential with competing risks of tumor development, normal death, and with drawal from the experiment. See Berkson and Elveback (4) and Chiang (7) for further discussion of model and analysis. (18) . In the latter situation, the thymus is the site of development of the leukemic process, and the amount of virus is correlated with the frequency of cell divi-@ sion which occurs maximally in the thymus (18) . Other factors @â€ĩ nterfering with the virus cycle may be involved since it has been shown that infection with an enzyme-elevating virus in-@ duces a decrease of spontaneous mammary tumors in mice @ (26) . A more detailed study of this possibility is presently in progress. . It has been reported that pregnancy influences neonatally & thymectomized mice (25) . Presumably the thymus of the fetuses can partially restore the immunologic capacity of neo natally thymectomized mice by releasing into the fetal-mater nal circulation of a â€oehumoralâ€• factor (25) . If this be true, our experiments indicate that the thymus of the host itself, and (12) .
It could be that tolerance induction to MTV or to MTV-in duced antigens occurs following virus entrance immediately after birth. After a period of time, breakdown in tolerance may occur, following which virus-host cell interaction, pos sibly combined with damage associated with immune response, may lead to cancer cell formation (18) . Thymectomy may decrease the rate of tolerance breakdown as has been suggested from studies of mouse leukemia (18) . Thus, thymectomy in terfering with breakdown of tolerance may lead to a pro longation of the latent period for cancer development and a reduced incidence of cancer. Thymectomy is known to main tam experimentally induced immunologic tolerance to some antigens (8) . However, in contrast to the effect of thymec tomy on the development of spontaneous mammary cancer, other investigators have found that thymectomy increases the incidence of tumors induced by some chemicals (3, 10, 19, 24) , polyoma virus (15, 16, 20) , and SV4O virus (1). Attempts to produce tolerance in newborn animals with SV4O virus have failed (1) . These viral-induced tumors contain antigens foreign to the host, which may stimulate intact animals to become immune. This may result in the elimination or suppression of tumor cells containing these antigens. Neonatal thymectomy in such cases may increase the incidence of induced tumors by lowering the immunologic reactions of the host.
The increase of tumor incidence in thymectomized mice in jected with MTV syngeneic lymphoid cells as compared to the thymectomized group injected with MTV@ syngeneic cells is a most provocative finding. Although current data do not permit complete understanding of these relationships, it seems to us that appropriate analysis may derive from considering possible immunologic relationships in terms of negative rather than positive adaptations.
For example, a population of immunologically competent nontolerant C3H lymphoid cells, when exposed to virus, might undergo an immune response productive of antibody capable of enhancing establishment of malignant cells similar to that reported in other experiments (2, 1 1). Alternatively, it may be that the tolerant state required for development of mammary adenocarcinoma is a specific negative adaptation which results from virus-lymphoid cell interactions within the thymus (27) . Development of the malignancy may actually be the result of the tolerant state. A neonatally thymectomized mouse may not be able to develop this negative adaptation, and treatment with tolerant lymphoid cells, as from MTV@mice, might then be expected to facilitate development of the malignancy; whereas treatment with MTV cells would be expected to permit or facilitate resistance to development of this malig nancy. Exactly the opposite was observed. MTV cells fadili tated the development of malignancy and MTV+ cells were much less effective. Therefore, our results cannot be explained so directly. They seem to us to favor the view that develop ment of this form of malignancy depends upon the existence in the host, first of a state of tolerance to the agent followed by a breakdown of tolerance and perhaps production of an immunologic reaction.
Whatever be the final explanation, each of the hypotheses based on immunologic considerations is susceptible to testing which may shed light on the host-parasite relationships and host-tumor cell relationships responsible for this type of malig nancy. 
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